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4 I- GAld(/aaP(Za.O) 



( 2 ) 

1 

^ timSSi* A tc J; 0 -5 « it J# ^ X tf ^ J U 
,t * t -r -i) LED . 

ZnSee, ZnSSe/Zn 

CdSeH. Z n S e T eBcoMn*>-r$)S*4ri|#ISi 

CW*3S4] a«**GaPS«-C$>D. Xhf^'^->^ 20 
;i/@<55SttM55^ Ga I nN«-C*«>*tr4*Sti:T'5fflf 
2 trfa««S!3t*«L E D^^, 

[IS*J«5] *«;0«ZnSeS«tr&O. xtfiS'^^v' 
■\';Hi<^fiH4W75^> ZnSeH, ZnSe/ZnCdS 
eS. Z nS e Te@CDMn;6^T*S*PS:#Sil<i:-r-5l* 

[0 0 0 11 

«MJts^fiKL/bf>^7fi., gStjs^, Hfe. afe/st* 

ODitJlfflfe^^-rS LED fcgi-r«. 

[0 0 0 2] 

-fit— H (LED) ^ifEJCS^ffiYt^nxVi^. ^feLE 
DtLTtt. A 1 GaAs'^GaAs PifiifSrSS^Jli: 

■r^LED/0^ii:<fflVie>nTVi-5, iscd (:^f>x7) 

fflOGaP. »^©S i C, ITfe a I n 

N. Sfe- Jt-feffl^A 1 Ga I n PSrfg'i4gtC^-:3;tL 
ED*i<aa;^ hOLEDiUTSIfflfbSnTVi*, Sffi 
ttGaAs, GaP, S i C . it^ y-f TJ^t'T^^, 
[0 0 0 31 Hffi'ft^nXVi'SLEDODfeffltffi'ttg® 

(1) #feLED— AlGaAs. GaAsP 

(2) i!t€,-iltit-feLED—GaP 

( 3 ) Wfe S i C 50 
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(4) Wfe • S-fe—G a I nN 

( 5 ) e-e. • H-fe-- A 1 G a I n P 

[0 0 0 41 L*iL;fcAie)CinSOLED«^T«'tt@ 

■5 , «^cr>;\' > F ^ v y Id J; « *^ 6 o \z 

[0 0 0 5] MfecD<&{cVi<:3*iCD4'Wfe?£rf|-r^Ci: 
fcO/^l/i, ;:tl*TCDLEDt'j;-pT%^T#-5e.«, 

^m^^ m^. mwt^^ 

rafe. LEDTfl3t$1i-S=b 

[0 0 0 61 (fMfeef^0tliT7t*{r, ii, »©3 
MfeL EDS:1tiS:^iia^-&fe-&fefeC0di^fcn-5. 3M 
-feO LED *iia*.-&t>i±-5 i: i:CD J; 3 if^tf ffl-fe* t)f^ 0 
Wr^lt^^T^-S, b*^LS?5:SLED«r^r:>'b*i.*'e- 

3S:X*fejejS-efe«. i!a*-^fc-&TJ5:<t*— LEDJC 

[0 0 0 7] 

(a^^-fe-i^ fcf > fe) ©^as-^, mtmtm<D'pm'& 

LED-e«#'&b*^-C;^j:Vi, ^m^Zit'pm'&^^iii 

[0 0 0 81 jine.®fii?HS5^CTttiii«fe*onav^*^ 

[0 0 0 91 LED««SiE*ltJ*{C^lC^^-5«)T^^ 
ige,09S*T-J;tiS^ffli^i^i*f-ttLEDt><Se*3 

[0 0 10] fc;/^— r^LED-ee-aSr^JsKT-S. tV^-^ 



( 

3 

mvrch(Dxh^o rc7)afeLED« ^3ttstg^^^p^"7:=^ 

[ 0 0 1 1 ] 0 1 {c-€-co:S:ffiR(c:*$nfc^«icoefeL e 

D^^To t^:7r-f'\'S«<^-btCGa I nN/GaNO 
«ifi^^frt)t»feL EDS jO^'X-t-A 2 ^21*4 c^tt'f-^^ 
>T'><>^5^SnTV^-5e LEDOpflll«ffi. nffla^ffit^ 

-Oi^SnxV^So Ga I nN-LED5C!)±tc:ttYA 
G^3t#^6*^^«^nTVi^o YAG (^yhUOAT 

[0 0 12] 0 2tt-?-W<j:^;5:^-&LED<Dfe3t7.-^i7 

h^PHTS-S. 4 6 0 nm©ja^tcSiVi5l5ttf— i^Ji^fe 
CiniiW'&LEDH^cOfcf— ^T^-So 5 5 0 nm 

[0 0 13] i:;i57i«C<^)«jSlCttX^>0«ab-5, YAG 

0. 5Cd, ^V^m^J-nrnfi^Z. 5%{C<6TL.Tb^ 
•5. 

[0 0 14] YAG«3tWttMW'tt*«Sl/^fcltT7^<. 

^Xff«*«lB:T-r'5, tVi'5^;;5A^a&S. GaInN + 
YAG«Ga I nN#-&LED*iSijfi"C#^<tolC75:^ 

[0 0 15] sfee/l^1•®^fwfeli{c:*r•r«--x^)& 

^^t-fe•^l|-&^UiT^— ®LEDttS!ijS"BISeT*«.. b 

sS«C9±t:::pSA 1 G a I n POB&MOC VDStC 
J:■^T^^;^!:LED^^ISe.S:til■r. tC^d^pSWT® 



3 ) 2000-150961 

4 

9tSiEC!)J!2:*<D*<S5V>CQT?A 1 Ga I n PS^< b^tt^a 

h<S»aEi:Vi^©LEDt;it-3T 

ED (AlGaAs) tia-feLED (GaP) (OHO© 

10 €:tti-riis»*¥— LED*«M*nSo $e>fc#»c^'tjra 

® i^J W-fe^SI^T-S LED ^m^-t^ Z. S 

[0 0 16] — JlgMTS^feSS^Sl 9{CioTUiBJ-r 

■6. *tC?stJ^-r-5^feH»«r r (A) , ift{C*fJ«;-rs^ 
feMlfc^g (A) , WtC^flST-S^SfeMI^Srb (A) i 
f-Si. #C0^M»XttX=SQ (A) r (A) dA, 
«t®$"JStgYttY= S Q (A) g (A) dA, WOfUSc 
az«Z=SQ (A) b (A) dAt;S-&. Cin^.<£i^ 
30 f!lS5[fiT?«*&<l:Lfc, x = X/ (X + Y + Z) , y = Y 
/ (X + Y+Z) tC<tO?Me.n-&^®J^^g75i0 1 7\Z^ 

-^i^ h-;i/^wr-2)fefe. &m±.(^ (0. 0) . (1. 
0) , (0. 1) ^i|g^-t?^?€*^|[^— ^ffl=ft?^©rt 

tt. ^feHSSccoj^«75^e.**-5t>®-e, m^us 5 On 

y6o-e.a«x+y= i©iiiSg±tc?iFffi-r^. sfesos 

7&-»e)^J-d^Si:43D, e'g!,CDffllS«x = 0. 2 1~0. 4 
9, y=0. 2 — 0. 4 6ieacD®ffl(C#fiE-rS. 
50 ig-rgMirT-Sfel*. Se5fe©LEDT?tt-C#J^A^o;fc, 



L 



( 

5 

[0 0 171 

SffC J:-5ffi)t tffi^^fc-a-Ttfrafe^fS^T* LED* 
•2). 

[0 0 1 81 LEDiVi-5t>Ott. *i!$ft««i:-?-CDJi 

[0 0 19] 2|s:5!?3«'e-nt«s*fJc«ffie<)tca«{r% 

^5ti:LEDM^£Diffl.*-&t>-&tCJ;-oT4' re 

[0 0 2 0] S'l4B-CO/\'>K^-\'-y7'a^!Cd:-:3TA 
1 («4>'D>ScfiC) *«om3t*'L-.*^^:nS:® 

com^sfST-sjcptw-rs (AKA2) . -r-st A 1 

(4>'L-C) +A2 (tt>>ij'B) C9^dim-S*^€>Are©a(C 

[0 0 2 1] tgttJi®M^S|-*^;^-5>iy'^> F=^^r -yT"® 
^(JD^CD&fiA l35«^t)S. /t>h<Da«* 
^A-£)i:A 2*^^S;i<h75^T^-5. H— A->h©»* 

[0 0 2 2] H4CD%^3SS:9-*H«*%B^«>LED<75 
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[0 0 2 3] «^CiC^t>f9-55*i£x;^;l/^-©^dt 

>H^^-y:/Mi^^Cim^B*i^1^g|5{c;feW$n^, il- 

»CUi«>Jttt. (C + B) T?*-5. «[SAttffi#e<)Jiie 

[0 0 2 4] H3(C*%§3«©LEDCD»t^0S*T. * 

%IBOLED^<yy9*^ (X5"A) 1 0 c73Jh 

JC3lt)f*tte.n-5. LED^>yy9lia«l 2 iiXfcf^' 
^ -> r )i'%^mm. 1 3 t J: 0 ;^ -5 o }wltffi)5^* & 

-s^-a-f*. xt-a 1 0 {c^®«ffi;o^s«t$n-5. fep— 

:^C!5«®f4, '7-r-Vl 4(Cj:oT. ;^-xA 1 1 

[0 0 2 5] »«1 2©H— /t>'hiLX04O&SA 
20 J;D@jSfiO^*®12b, JftSB (A 2) fctf— i5^*jt 

jtl SOA^H^-VryT'^^O&SCd^A ltC*fc-5. 

— m^saSb-5'5ft{£x;?i;P^-cD^©igfi*A 
tbXViS, SEfiA£tT®«SSito^ttm^?&l6^X 

^s, xfcf^'=^->A';u%3t«j^5ji^*^-r*jftsc*^. c< 

-tnt^^, c<A<Bx$.n 

tiifWJt'SJS:**, xtf^'=¥5'-frJl/fE3t«je«>ia-&t>-ii- 

[0 0 2 6] *%Bj{r43ViT, »«:i^e.as<D«^?tx 

36-5*^^, 1 3t^®:iR©«-&. ASt:Jt^®x^;mi— J; 

mjtSCftA2«, llS^tAliDS 
Vi. 2^^®JRi*&«m^«>:*d^®&SiVi'5»t)#0 

^Acxtf^'=^->^;i^%^«ifi)&^5®fg)tt)b<tt 

40 [0 0 2 7] 04{Ci3ViT, 3SSC$r4''L^i:-rS^Vifc; 
- ;Jr «x t; ^ -> ^ ?) ©S^CD/'? > K v 

X^«. fg'tt)l)6^e.tH«>^©S[fi««[SAj;0MVi, 

50 >F=»^-^u'>''%7tCCDJSS*^;^^Cli:75*'e#S. 
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[0 0 2 81 -^SOiSSB^lf-^t-r^lS^ 

[0 0 2 9] *i£MttXtr%3tC. m^tB^^^t^ii:. 

So gE(c:585tsnT(/iSiEnxhcc>LED^^f^iaS^I5 

[0 0 3 1] *3«k-eLED3S:'5feO(Ctt, Xtf5^ + >^ir 

[0 0 3 2] 2|s:^9B#tt. 5feH<^#S¥l 0-1941 
5 6-^tC*3V^T. Z n S eSSH- Z n S e^XlfBfCcfc 

LED^f^SS-rSgt^ffSrSl^b;^o iinfrtZnSe^S 
ttSTWfeS:. Z n S eftST'atfeSr^^S-ar'&^ifcbT 

XtfBSrX^rSci:. S ^tCi2:«eH<©t|5rafeS:#Jtti 

fe. 3K«j!a4'Mfe*feLED(CcfcoTf^?)liiTCl<i:;0^T- 40 
^SOTfeSo *;^c7)4iMfetttJe*<^LED-et)tt}*:/5: 

E D ct ^ T^^$ it S CI i: S c 
[0 0 3 3] 

imi&mi imMmi (ZnSeS«(I) :ZnSe 
: 4 8 0 nm. 5 8 0 nm) ] »«<hbT. 
3^mH-ynMZn S eS««:«fflU:^Co Xfcfi57:^'> 
•\';P%3¥:1tit«i:bTZ n S e^MWt.^^M^ti^^'fS.^ 
«e«je^f^Sibfc(0 5)o 3':>m«rH-fcf>>5^L.fcZ 
nSeaS20fri. A*> Ht^-U >i^^*fCcfc 0 > ^Jfe 50 
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<o;t>H^^^y >^x:*^JI/^--{::*flS-r'5iS:g'rfeS4 6 
0 nmctOSiS:g:C0 5 1 0 nm J: D @Vi&SCD5tS:®iR 
b (&:&A ; 5 1 0 nm) , ^fm^^^h {B'^m) 
S5 8 0 nmtC>^D-K;^e-i7^WTSS^ (JKS 
B ; 5 8 0 nm) Sr^r-So CinttS A%5t<i:0?«n 

tt. ^nfc:*fiS-rsS[fiA g (=hc/Eg) 

J^SA «Ag) CD^*®iRb. SV^iSfiA OAg) 

i^7&^*e::So t:)^ 0 A gm-Lc^iS«co^*fe®iKT^S 

Jg^^J-rtt. A>H-T'— U >i/^c:j:oT> Ag (4 6 On 
m) <i:0;gVi&:i:A (5 1 Onm) ^XCD3t*S«3^^®: 
iRT^So -^^0. &SA (5 1 Onm) *7?<^i8[ScO 

[0 0 3 4] Z n S eS«[2 0«J?*O»#*iB'^Sfc 
^\Z. 5 0 /imi?(DS^£ (^T-f ) (h, 5 0 0 ^m^c^) 

MBESfCJtO*:^Xtr^^^>'^;PJ5ESS'^7to c<^x 

\f:is^^i^^)vmmm,W(Dmt\i-c^i&St\t.A s o nm 

; 4 8 0 nm) o 

[0 0 3 5] ■:icDXtf^^>'^;i/5!^«ifi{*:«, Jb7^>^e> 
m\Z. pScDZnS e^ZnTe«»Stfr^«jt;6^eJ^i: 
Sp^3>^^>:7 hg2 5. pMZno . 8 5 Mg 
0. isSo. loSCo. 9oi7^iyHS24. Z 
nSe<hZnCdSe C0«®^ie}6^ ^;^S^a»^#F 
SttH2 3. nSZ no . s s Mgo . i s So . i o 
Seo. 9 0 ^^^7 H«2 2ctD75:So l|[StC«ZnS 
e»«2 0 «hXfcfiS^*->^;i/fg5t^ifi{*^c^rai^«nMZ 
n S eA*^y y tH2 l*^^So *«fill*^&IBJCJ6'^S 

[0 0 3 6] (1) n^ZnS ea« (I H-:/. SA 
51^=5 8 0 nm ; B) 2 0 

(2) nSZ n S eyt*;/:7Tli 21 

(3) nMZno . s s Mgo , i s So . i o Se 
0.90 i7^y HB 2 2 

(4) ZnS e/Z no.»8 Cdo.i2 S e^fiS^#F?g 
tew (4 8 0 nm ; C) 2 3 

(5) pSZno . 8 5 Mgo . 1 5 So . 1 0 Se 

0 . , 0 i^'yyVm 2 4 

(6) pSZnTe/ZnSee*&^3i>5^i7 hJl 2 
5 

t\^^o^^f^mmmrr:^^o (4) <Dm^m\t. z 

nSeo.99Teo.01 y::/Jb^'r-aStt® (4 8 

Onm:C) tbT^j^teJ^V^o 
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[0 0 3 7] z,<D:xi\f^x./\(DvM:^>i^i^ hm(D± 
39MAuS®^±ffi±®JCJ^^Lfcc 2 0nmi^TC0A 
XA^2 5 0 timx 2 5 0 umAo^^&o^'^yy^zmO 

[0 0 3 8] ;iCDLED-Cti. JgfiC (4 8 0 nm) \t 
ifeSA (SlOnm) J;0@Vi<D-e> xt!^^'>^;i/^ 

iR^n. »ftB (5 8 0 nm) (Dm^^m^-t^o fd*^ 
^^^\Zth^^\t. 4 8 0 nm-f- 5 8 0 nmTfe^o 
[0 0 3 9] ^lOLEDSr^eSSS^— Fi:?ail3tLfco A 
^6^7^?^^^^^^ 2 OmA-r 2mW7ffeofco 

[0 0 4 0] Z.O'L ED co^yt:^^i7 hju^m 6 

ib^^<Dmytt. 5 8 0 nm{C7^D— H;i5:tf-i7S}#-:PZ 
n S e*«c3C)S A^3t«i:30^ia^*:>^oTV:i^(hVi'5»:0^ 

[0 0 4 1] m^T^^M^^ (5 0 urn) <Dmir^\^^ &^ 

(5 0 0 At m) 

[0 0 4 2] muLEucD^^Ts^i^ hj\^^&mm±iz 

-fJtt. (x. y) = (0. 2 5. 0. 2 7) CD* 

^:^^7&^o^efe'^abo;^o ^^m^t^S 0 0 MmCD^^ 
Dtifea^*^ (x, y) = (0. 3 2, 0. 3 2) (D^S^B 

<D±izm^x^^^o 

[0 0 4 3] mmm2 (ZnSeS«(Al, I) ; 
Z n S e*t!>47 . jKi^fe^^ ; 4 6 5 nm. 60 On 
m) ] S«ibT, n^ZnS (H-/1>h : 3 

ifitbT. ZnSeS:«fls:i:T'5iSft*^e>;S:§«)B«3S 

[0 0 4 4] 3^7^tT;^^Xi^7ASr#H"-:rLfcZn 

l<^-V:yyfc*rjSt"SiSfiT&'5 4 6 0 nmctOSv:*^^ 
ST$>^ 5 10 nm&,m<^i&^^^^l^ (iSfiA : 5 1 

onm) . sA^yt^mtti^^m,m^'b^ft\^rz6o 

B : 6 0 0 nm) p 
[0 0 4 5] A>h{Ci:-pTM7tiKS>0^^ft-rSo 



6 ) iKpM2 000-150961 

10 

iC>^StSti5 8 0 nmT^-pfCo ll]ffi^J2T«K Al 

4^i5&S«6 0 0 nm\Zf3i^o A 1 $:JjPx.yS:(Dtt. 
S&Sffll'^lt^ ^ * T -5 o 
[0 0 4 6] :iC-rZ n S eSS^^. H-fcr>i^»n* 
1X10* ' cm" ' (^^/N) t . 5X10^ ^ cm 

fe2 5 0um'r&^o /1> hfiffiSriE;^^*Jc:ct-:? 
10 xa(D^olZSA^ift:b^^<tT^(D^^m*^A^(D:fyiB6^ 

[0 0 4 7] Z,(DmM^ZnS em^±\Z. 0 8 {C^T 
J:^^j:tf-i7i6:gdt4 6 5 nmT$>^»fe%^OX t!^^ 

MBE&lCck-t?T3l^^Xtf^^:^>- 
(ie:&C : 4 6 5 nm) o Xtfi$^^->r 

<hZ nT eOD«)l®*&^3ii^5>3ft'SpS:3>^i7 h@3 

5. pMfcK— y$n:tB eo . 2 0 Mgo . 2 0 Zn 
0.60 S eTb^^fSi^vM^^yl^ms 4. ZnSet^ 

20 &fe^^>^;i/^^nffii4g3 3, nSJcK— y^nfcz 

no. ssMgo. 15 So. loSeo. 90 JB:^^ ^ 
Tft^nSli^^-/ HB3 2cfc0;a:^o Sffi^fflT^^^JiaJClie^ 

[0 048] (1) nMZnSe»« (K Ai H— 

y) 3 0 • 

(2) nSZ n S e/^>y :7t)1 31 

(3) nSZno . 8 5 Mgo . 1 5 So . 1 0 Se 
0 . » 0 i^^-/ KJg 3 2 

(4) Z n S ei$^:/;i/^7^PffittB (4 6 5nm) 3 
30 3 

(5) pSBeo. 2oMgo. 2oZno. eoSe 
i7^^y]^m 34 

(6) vMZnT eXZnS em^^zi>^i7 hm 3 
5 

[0 0 4 9] ilC7)Xfcf^X/\$:<eoX. ^Ste^J 1 i: |W| U 
:^i£'rLEDSrf^SU:to ClCDLEDfC^SViTfe. JRS 
C (4 6 5nm) JSSA (5 1 Onm) iDfe^V^ 
<DX. Xfcf^' + '>^;i/56Jt«je3&^SI±Jfc4 6 5 nmCD^ 

40 (D[H. &mzxiii^rz^\t. »«fc®iKsn, ksb 

(6 0 0 nm) (D^^^^^^o 

[0 0 5 0] ClCDLED€r^«Sft^— H-e?ffl^UfC(tC 
5, mm^^^Mm^^ 2 OmATlmWT*t>:to Siff 

[0 0 5 11 C<DLEDCD|S^X^i7 h;i.^0 9tC5^ 
To StfaO, 4 6 5 nmfcgjv:^!:!— i7$:j^':::>xtf5^:=^^ 

^) ^> 6 0 0 nmfr:/D— H)itf— ^*}$OZnS e 
S«36^ ^<OS A^^tm-^tD S o T V:^ ^ cOid^^j^;^^ ^ o 
50 [0 0 5 2] }^-'}:f>^&t)^{>f^^^ (1X10* ' cm 
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tf>i^S75^^Vi (5X10* ' cm* ' ) m^(Dm^::^ 

[0 0 5 3] eico5!3tX^i7 h;i/$feS0_tTS3gbfc 
feCD*^*a 1 0T$»^o H — t!>i^»*Vh$l.i (1X10 
' ' cm- ^ ) (x. y) = (0. 3 

4, 0. 19) cOsS^SIfe-r^^o \^—\:^>^mt^±^^^ 
(5X10* ' cm- ^ ) ttfeSdt (x, y) = 

(0. 5 0, 0. 2 9) CDe>^'&t7^oTV^^o ^1 10 

0\z\t. :x:\£iS^^zy^)m^mm*^^(D^^^& (A 

j^) mwL^yt<D^<D^m (D.^) ^^"To m'f-/\. 

[0 0 5 4] immms (A1 CaAs^lS (S D ; 
Z n S elfeJS^!. • ©fe^^ ; 5 2 0. 5 5 0 nm. 6 9 
0 nm) ] m^tLT. S i * H-y Ufc n^G a A s 
S«4 6_h{CnMA 1 GaAs®4 7 *«^@X t!^$'4^>' 
•\';^^* (LPE) tCcfcDB^LfcA 1 GaAsa«4 0 

^mi^tr^M^^^^fsi^mmmm^mmvrco 20 

[0055] AlGaAs Sffi4 0 A 1 jfifK^^Yt 

"TSt, 5 7 0 nm'-'S 6 0 nmOieHT/^>F^^^y 

S«fi>Mfig<hLTA lo . 5 0 Gao . so Asc^ffi^ 
^jl^;^o A 1 GaAsa«4 0 H-yr-SnS^T^M 
i^iUTS i ^Sfflbfeo 2:<DA 1 jfij^CDA 1 GaAs 
*«fi6 4 0 nmct (JS:gA : 6 4 0 nm) 

Sr®iKb, /1>h'r&-5S i <OSJig-&4»'L-^3t{c:<i: 30 
D 6 9 0 nm(c:/D- H;^e-i7 SrjttPm:)^^^!^^ 
(S[gB : 6 9 0 nm) « 

[0 0 5 6] C1C7)^«14A 1 GaAsX«4 OtC, 
\f-i/&&f)^d 2 0 nm (M^^) Xtt5 5 0 nm im 
^^) -rrfe^cfc'5?5:i^fe<^^3t«jt (011) MB 

ZnTe<i:ZnSe <^«)iS*&^ «it7&^ ^» 75: ^ p S 3 > 
5^:i7hg4 5, pS}CH-:/$nfcZno . 9 0 Mg 
0 . 1 0 So . 1 5 Seo . 8 5 m:d^^U^vMi7'^y 40 
FB44. ZnSo. 0 6 Seo. ^ 4 MiiZn 
0. 7oCcio. 3oSeH (7j^) . ^b<ttZnS 

0. oeSCo. 94^^Zno. eoCdo. 40 S 

em (^) co«)i:^it>&>^7a:-5#m«T#F?S'tt^4 

3, nStCF-y^tlfcZno . 9 0 Mgo . 1 0 S 

0 . 1 5 S eo . 8 5 mTb^^t^^nmi^'y^y KH4 2. 
ctOJgfiR^n^p ^fSJC«nSA 1 GaAsS«4 0<i: 
xe^^^f>r;^^3t«fifi<^W{cHnSZ n S S eJ'^yy 

T»4 iT^^^fe-g^o 

[0 0 5 7] mwy^^^mmm.^^m^^t so 
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(1) nSGa AsS« 4 6 

(2) nMA 1 GaAs® (S i SA%^=6 
9 0 nm) 4 7 

(3) nSZ n S S e;^:y >^7J1 41 

(4) nSJZno . 9 0 Mgo . 1 0 So . is Se 
0 . B s i7^y\^m 4 2 

(5) ZnSo. oeSco. 94/Zno. 7oCd 
0.30 S e ^as^ ^FffittJl (5 2 0 nm) 43- 

(5 ) ZnSo. 06 Sco. 94 Z n 0 . 6 0 C 
do . 4 0 S e^mm^^^^^m (SSO nm) 4 3 
— (*^^) 

(6) p^Zn© . 9 0 Mgo . 1 0 So . IS Se 
0 . s 5 i^'yy 4 4 

(7) pSZnTe/ZnSefi*&^n>^^i7hB 4 
5 

ii\^^^^of^mmmm\zf3.^o fsi^ (s) 

ttB^c-::>ViTt^> ZnSco. ooTeo. 10 3^:/;!/ 
^5=-nS14B (5 2 0 nm) <2i LTt>«[*3feVio 

[0 0 5 8] ^\^^m&=F^^tSitm(D—:fj<D 
mZnCdS e<DCd(DM^ttt^&U^o ^^*ttO. 
3 0. *^^«0. 4 0-C*^^o Cd(Dltm:f)^n<ySi^ 

[0 0 5 9] ^l<^<J:'5?&:xbr'^x/\fc:ov:kT, ll]5g#»J 1 
ffl!l««i<hLXtiAu-Ge®S«:«^bfeo p^MS 

pd/Au«ffi-ir$»ot(r^j<h[^i;T*^o 

[0 0 6 0] CCDLED«. »«<i:. Xtf^'^^S^^;!/^ 

%7¥;«3t?0^^'t';^c^ (5 2 0 nmX^^S 5 0 nm) (D\^ 
9 0 nm) COm^^^^^T^o 

[0 0 6 1] ;i<^)LEDS:^«SS^— HTa!l^L/;tc iS 

tt2 OmA-e3mWT&ofeo 

[0 0 6 2] eiCOLED(7>%^7.^i7 h;i/S:0 1 2{C^ 
To SfffjlO. 5 2 0 nm (^^3j>) ^/iti5 5 0 nm 

>^S^}CJ;^) <t, 6 9 0 nmfc:/D-F;S:t!-i7S:i$ 
1 GaAsS«co^J^^%3¥:d^*a-5»f.'&t>$nTViS 

[0 0 6 3] JlO^^^X'^i^ 
0;&tsi 3T*'2>o Xfcf^^ix^;U^^^jftd^e.(^^>t 
S«*^5 2 6nm (*^*) li^m^^ (x, y) = 

(0. 4 7. 0. 4 8) (Dm'&^Ur:>Xl^^o Xfc!^^^ 
iy^J\/^ytmmj^''^(Of^^1R&t>^b 5 0 nm (S^^'v) 
(x, y) = (0. 5 7, 0. 4 3) 

Si 3tc*5(/^X'b, 563t«i£;5^e»co^<^^ 
(D^m (A : 2 as) i:. m^myt(D^<D^& (UjS.) 
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[0 0 6 4] [mmm4 (GaF&m (Zn, O) ;G 
a I nN^^fe^^ ; 5 2 0 nm, 7 0 0 nm) ] Ste 
tl.X. Zn tO*#H-ybfc*«ejg:14GaP*«5 

T. 5 5 0 nm (JRSA : 5 5 0 nm) ^V)m^^1S,M^ 

T, 7 0 Onmfc:/n-H?^cfcf->:7:£fSom^*%r^ 

(i^SB : 7 0 0 nm) o 

[0 0 6 5] ;i(D¥JS6iattGaP»«±^C. 
-r cfc 5 tf ^7 4^ JU^^^jt SrM O C V D (3 o 

2 0 nmcTDi^fe^^C^Xtf^^^x-^-JU^^t^it 
: 5 2 0 nm) "V&^c 
[0 0 6 6] C(D:xi\f9^zy^)Vm^mm\t. ^-^^^M 

BBS, pmiz y^n/tA l o . , s G ao . 8 5 
Nmy^^^fS^^vM^^y 5 4. Gao . ? o In 
0.30 NB;6^e;fe^y:/;V^^nSttB5 3. nSfC 
:/$n;^Alo . 1 5 Gao . 8 s NJl75^e;^^n 
^i7^-yKe5 2, nSJcF— '7'$nfcGaN;0>^^-5 

[0 0 6 7] xtf^^^^Sx^JU^^t^iS^GaPSigS 0 

rcD^*6«RITti> nSGaN3>5^i7 h® 5 1 
VrJiCDSSI^^^^o Ga PS1£;^f^$e^tt-e$> 
^*^e»li£Sf:inffi!l«8RS:f*tt'2);i(i:>&tT#fe(/io GaN 
7!i^ ^ ^ n S/N* :7 r ® CO— gp{cSiJ ^ ^^CX t!ll ^« D 

ioTnfi'MSSrf^Sl'r^o S nSG a Ny\*^y 37 r 
lichVi^j^^til^^n^G aNn>5^i7 hMt^^l^ 

Xl^^^o pfiiJ«SiaPd/Au. n#MffittTi/Al 

a5gMb;/5:nS:3>:$7^ ^Sco±^c:^g^K'r-5o 
[0 0 6 8] xhf^XAcDS^iaSrTj&^bfa-rt. 

(1) ^J6&ttGaP»« (Zn. O H-^ ; 7 0 On 
m) 5 0 

(2) nSGaN3>i$7i$7 hH (n<9MffiStO#W 
5 1 

(3) nMA 1 0 . 1 5 Ga. 8 s Ni7^-/ HH 
5 2 

(4) Gao . 7 0 I no . 30 Nyy^Ji^^^afS^M 
(5 2 0 nm) 5 3 

(5) p^Alo . 1 5 Gao . a 5 Ni7^y\^m 
5 4 

(6) p^GaN:i>^^hH 55 

[0 0 6 9] Z:<DX.\^^X,/\COpmC aNzi>:$^^ h@ 
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5 5<D±ICP d/Au:d^e)7&:^ H»y h^^i^pfflOMS^: 5 

0 0 umx b 0 0 fimcDmmxmfSii^rzo cim^^^yy 

^>i/\Z^^XmmiZ^O nmc aNa>i$^i^ Ml 5 1 
^SM^iir. -e-ClJCT i /A 1 d^^i^-S H-;/ htfta)nfflj 

©Jl^^^coxtrr^X/N* 5 0 0 AtmX 5 0 0 /zm^lCDIt 

10 ^m^ht-r^o 

[0 0 7 0] Cl<^)*^hO«^S«*^*iffei&ttT&'5)&^ 
Vio 01CDit:7r'f ir/Ga I nNCOct-StC. 

flij*^e>. nffliM®ip#M@lc'7-r'\'*4^>'x-r >i^U 

[0 0 7 1] ei<^LED*^ hTfe, ilSfiC (5 2 0 n 
m) tt. StSA (5 5 0 nm) ct 0@&:gTa&^?Ji^e>. 
Xtf^7^S/^;i'%:>t«jgd^STfc3t (5 2 0 nm) CD 
rt, S«(cAi*bfc:{J^tt. GaP»«tC<toTKiR$n 
20 ^SSB (7 0 0 nm) CD^^t^^t^'So il^SPtCtt. 5 2 
0 nm03t«ii 7 0 0 nm<D3tcO^J5X$ti;^t>cO;0^fcB^o 

[0 0 7 2] rcOLEDSr^ffiSK^— HTffll^ebfci::! 
^^3tti*fe'X?ASeK)7^WSt^2 0mAT3mW-C^o 

[0 0 7 3] mi b\tZ.(DLED<D^yt7.^C^ hJl^^ 

-Tif^yx^^. WLmmr). 5 2 onmjctf— i^^ri^o 

7 0 0 nm(C>^u— H^fcf— i^SritOGaPS 

30 5&^^o 

[0 0 7 4] ClO^JtX^^ h;l^*feS[0-b"X?^bfc'b 
<D75^0 1 6-Cab^o ZL(Dmt^&:fy^ (x. y) = (0. 
4 5, 0. 4 6) (^Hfet^'SloTV^'So 016(C*3ViT 

t). xtf^'^v'^;u%^«jfi*^e>cD5!3ttc::?ViToe.ffi 

(A.«^) (h, *«c7)^^CDfea! (Hj^) SS^-Tp ^:<^^ 

[0 0 7 5] E 1 7 jlM^^J 1 4 {CJB^:fe-f h CO L 
EDcr)€l.«^. ^ne>6DXfcf^^^'>'V;P%)t«3t^t:. & 

[0 0 7 6] 018 \Z\tmmm l 4 CD»«*t3|Sf, M5t 

^'^biKs. xtf5':^>-^;i/%^«ig#:co#3isf, mm&x 

[0 0 7 71 

50 ^miT^z.^ffix^^o -^nfeiajwftcDisi^fe. fcf>^^ 



( 9 ) 



15 



Wfe L E D fiE b fc*^**^HJ «J: 0 « V i 3 X 

^rt/O^'T^^o LEDlCctoTf^Offlf^ltcOT^^ 

mi] Ga I nN-LEDOJi*YAG^^ttfcaide) 10 
«LED^^^#:c7)BrM0o (b) OYAGm3t*f t L 

[02] 01(^afeLED<7)^)tX^i7 
[S3] *^eao^M^J{C;&^*^^45ffi€l.. SfeLEDm 
^O»fH0o (a) \tm^:^i*^<DtSimmo (b) tt^*;/ 

[04] «aEaASi^<iia«^^^3t<&*ijfflbfe*%Hj 

^^m(Dmmmi (ZnSe-ZnCdSe/ 

znse (I) ) izff^t^^^^m^i^'EixDmmmmo 

im^] ^^^^(O^MMl (Z n S e • Z n C d S e/ 
ZnSe (I) ) lC*^75^^^3ta«LEDCO%5t:^-^i7 

[0 7 ] i^m^(DMMm 1 (ZnSe-ZnCdSe/ 

z n s e ( I ) ) \zfi^ti^^mmm.i^Ei:>(Dmt^m^ 

[0 8] 2|s:^§a<^ll3!^^J2 (ZnSe/ZnSe (A 1 

• I) ) {C;&^;&^^%^a«iLED<D«fll3fi0o 

[0 9] *%BJ<Z)^]!fg^J2 (ZnSe/ZnSe (A 1 

• I) ) tC;^^^;0^^%7ta«LED<:D%^;^^57 h;i/0o 
[0 1 0 ] 2|s:5!0J<D^JSfi«^ 2 (ZnSe/ZnSe (A 
1 • I) ) tC*^*^^%:)t»«LED(^%>tfelg^^Tfe 



[011] ifW^(DmMm 3 (Z n S S e 
e/AlGaAs (Si) ) \Zti^t^^^^ 



Z n C d S 
SLED<^ 



[01 2] 2|s:^MO||S6^J3 (ZnSSe-ZnCdS 
e/AlGaAs (Si) ) lC;0^)0^^%3t»«L E DCD 

[013] *^0J<^^Jffi^J 3 (ZnSSe-ZnCdS 
e/AlGaAs (Si) ) {c:;d^*^'5%3ta«L EDCD 

[014] *5£MC^SI]SS0y4 (GalnN/GaP (Z 
n • O) ) ir;&^7&^^%^»«LED<7)e«it0o 

[01 5] *%BacO*ig«aj4 (GalnN/GaP (Z 
n • O) ) tC3&^35^'5%3tS«LEDCD5£^X'^i7 
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[0 1 6] :*:%l3cD|^]ffiM4 (GalnN/GaP (Z 
n • O) ) (Cd^^^^^^tS^LEDCD^itfeSSr^t^fe 



SO 



[01 7] HjSS^'J 1'-4CD^TCZ>LED (^--h) 60 
[018] SIS6^3Jl'-'4CO:^TCDLED (-f'-h) CO 

m^jgg, «af£aA%^^:g, 

S) , LEDC0feS*5^f *o 
[019] *^5f^xttJC. i^fiE^J^^ytttCihOiSSS: 

[*9F-^<^l«iH] 
1 

2 X^A 

3 Xv^A 

4 7.^J^±M<Dm^ 

5 Gal nN-LED 

6 Y A G^^#: 
7 

8 U^'V 

9 LED^-/y 
1 0 X5='A 
1 1 X^A 
1 2 S« 

1 3 xfcri?^:^^^^^;^^^]© 

1 4 

1 5 mmmm 

2 0 nmZnS emu (I — 
21 nmZnS e/'^^yyrM 
2 2 nmZnUgS S e^^yl^m 

23 ZnSe/ZnCdS e^aa^#F®14® 

24 pSZ nMg S S e ^ 

2 5 pSZnTe/ZnS eSt&^n>^i7 h 

3 0 n^Z n S eSIS ( I . A 1 H — y) 
3 1 nSZ n S e;^^y 37rM 
3 2 nmz nUsSS e^^y]^m 
3 3 ZnS ey>^;i/^5^DSttS 

34 pSBeZnMgSe^7"5^yHH 

3 5 pMZnTe/ZnSeS*&^:3>5^^ h 

4 0 nSA 1 G a A sSIS (S i H-T") 

41 nSZ n S S e7t*;/ y'rS 

42 n^Z nMg S S e KB 

43 ZnSSe/ZnCdS e^«»^#Fffi1*]i 

44 p^ZnMgSSei7^-/Kg 

45 pMZnTeXZnS e >:$^ iJ7 h 

4 6 nSG a A s*1£ 
50 ^Jtfei&'ltGaPa^fi (Zn, O H-^) 

5 1 nSGaNn>5^^hB 
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(54) LED ELEMENT WITH UGHT EMITTING SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture an LED which emits 
light rays of neutral tints between red and green with high 
luminance, by synthesizing the light from a light emitting layer and 
the fluorescence from a substrate so that the LED may emit light 
rays of pink, purplish red, orange, yellow, white, etc. 
SOLUTION: An LED element is constituted in such a way that an 
LEDdight emitting diode) chip 9 composed of a substrate 12 and an 
epitaxial light emitting structure 1 3 is mounted on an element frame 
10, and one electrode of the chip 9 is connected to the frame 10. 
The other electrode of the chip 9 is connected to a steam 1 1 
through a wire 14. Therefore, when C<A (A and C respectively 
represent the wavelength of the lowest-energy light which can 
excite fluorescence and the wavelength of the light emitted from 
the structure 1 3), the LED element can emit light rays of pink, 
purplish red, orange, yellow, white, etc., which are neutral tints 
between red and green by exciting the dopant of the substrate 12. 
Therefore, an LED which can emit light rays of various colors 
between red and green at high luminance can be manufactured. 





